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CONTROL OF THE MAINS BRIDGE OF A FREQUENCY CON- 
VERTER 

The present invention relates to control of the mains bridge of a fre- 
quency converter in a braking situation where power is flowing in the direction 
towards the supply network. In particular, the invention relates to a method for 
controlling the mains bridge of a PWM-type frequency converter, like the one 
known e.g. from Finnish patent Fl 108819 which is able to function in all four 
quadrants of the power - rotational speed coordinate axes, in a braking situation 
where power is flowing in the direction towards the supply network, and to a 
four-quadrant PWM-frequency converter. The method of the invention for con- 
trolling the mains bridge is also directly applicable in prior-art PWM-frequency 
converters having an intermediate circuit capacitor rated for use as an energy 
storage. 

Voltage-controlled PWM-frequency converters have a mains bridge 
for rectification of the alternating voltage of the supply network to produce an 
intermediate circuit d.c. voltage and a load bridge for inversion of the intermedi- 
ate-circuit direct voltage to produce a variable-frequency alternating voltage 
when power is flowing from the network towards the load. The frequency con- 
verter feeds a three-phase load, such as a cage induction motor, which can be 
used in many applications, for example in pumps and fans. The load bridge is a 
full-wave bridge provided with PWM-controlled semiconductor switches and 
diodes connected in inverse-parallel with these. 

The load bridge may be a controlled full-wave bridge, in which case 
it is provided with controlled semiconductor switches, such as IGBT, and diodes 
connected in inverse-parallel with them. In a controlled mains bridge, power 
may flow from network to load or also from load to network e.g. in situations 
where the motor is being braked. 

A specific function of the mains bridge is to ensure that the interme- 
diate circuit current has an unobstructed flow path to the supply network regard- 
less of the direction of the current. In the mains bridge of the present invention, 
the existence of a current flow path is ensured by controlling the mains bridge 
semiconductor switches in a manner such that the controlled semiconductor 
switch in the upper branch of the phase having the highest supply voltage in- 
stantaneous value and the controlled semiconductor switch in the lower branch 
of the phase having the lowest supply voltage instantaneous value are conduct- 
ing through 120° at a time. 



The control of the mains bridge and the ratings of the main compo- 
nents should be designed with an aim to prevent excessive distortion of the 
voltage at the coupling point of the frequency converter. 

The supply voltage is distorted especially in the commutation situa- 
tion. When the intermediate circuit current is positive, i.e. when power is flowing 
towards the motor, the mains bridge current flows exclusively through the shunt 
diodes. When the current commutes from one phase to the next, a small com- 
mutation notch appears in the coupling point voltage as the two phases are 
conducting simultaneously and a larger notch of a shorter duration appears as 
the reverse current of the diode being turned off is interrupted and possibly 
transferred for an instant even to the diode of the opposite branch. One can do 
nothing about this phenomenon but, as is well known, the voltage notch appear- 
ing at the coupling point can be reduced e.g. by connecting small capacitors or 
RC protectors between the phases of the mains bridge. 

In a braking situation the case is worse. The mains bridge current 
now flows through the IGBTs, and if the control timing is the normal 120°, then 
the commutation notches are deep and of long duration, as will be described 
below in connection with figures 2a and 2b. 

The object of the present invention is to overcome the drawbacks of 
prior art and achieve a new type of control arrangement that is especially appli- 
cable for the control of the mains bridge of a four-quadrant frequency converter. 

According to the invention, the commutation notch appearing in a 
braking situation can be eliminated or significantly diminished by turning the 
conducting phase current positive just before commutation. This is achieved by 
advancing the control of the IGBT the more the larger is the negative current in 
the braking situation. 

The features characteristic of the control method of the invention for 
controlling the mains bridge and those of the corresponding frequency converter 
are presented in detail in the claims below. 

By controlling the mains bridge by the method of the invention, dis- 
tortion of the mains voltage in a braking situation is avoided and, in regard of 
mains-borne disturbances, the operation is of the same level with frequency 
converters provided with a diode bridge in which the power flows towards the 
motor. 

In the following, the invention will be described in detail with refer- 
ence to an example and the attached drawings, wherein 
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Fig. 1 presents a four-quadrant, voltage-controlled PWM frequency 

converter, 

Fig. 2a and 2b illustrate a prior-art solution for controlling the mains 
bridge of a frequency converter as presented in Fig. 1 in a braking situation, 
5 Fig. 3a and 3b illustrate a solution according to the invention for 

controlling the mains bridge of a frequency converter as presented in Fig. 1 in a 
braking situation, and 

Fig. 4 illustrates a solution according to the invention for controlling 
the mains bridge of a frequency converter as presented in Fig. 1 in a braking 

10 situation when the mains bridge is provided with thyristors instead of IGBTs. 

Fig. 1 presents a three-phase voltage-controlled PWM-frequency 
converter provided with an AC inductor 9 for limiting supply network harmonics, 
a mains bridge 10 for rectification of three-phase supply voltage consisting of 
phase voltages Uu, U v , U w to produce an intermediate-circuit DC voltage U D c, 

15 an intermediate circuit capacitor 14, which may function either as an energy 
storage or as a limiter of voltage spikes, and a load bridge (inverter) 1 1 for in- 
version of the direct voltage of the DC intermediate circuit to produce a variable- 
frequency three-phase alternating voltage consisting of phase voltages U R , U s , 
U T . The frequency converter feeds a three-phase cage induction motor (M) 12. 

20 The load bridge 11 is a full-wave bridge with a control unit 13 controlling by 
pulse width modulation the semiconductor switches of each phase, which are 
connected in inverse-parallel with shunt diodes. 

The mains bridge 10 is a controlled full-wave bridge in which power 
may flow in the direction from mains to load and also for load to mains e.g. 

25 when the motor is being braked. Each branch of the mains bridge 10 contains 
controllable semiconductor switches V1-V6, such as IGBTs, and diodes (shunt 
diodes) D1-D6 connected in inverse-parallel with them. Such a circuit permits 
the flow of the negative intermediate circuit current Idc in the direction of the 
supply network. The mains bridge 10 is controlled in a manner such that the 

30 IGBT in the upper branch of the phase having the highest instantaneous voltage 
value is conducting and the IGBT in the lower branch of the phase with the low- 
est instantaneous voltage value is conducting. In other words, the IGBTs are 
held in the conducting state if the diodes in parallel with them are conducting 
when the power is flowing towards the motor. 

35 ln a braking situation, the mains bridge current flows through the 

IGBTs, and if the timing of the control signal is a constant 120° as in prior art, 
then the commutation notches are deep and of long duration, as is evident from 



figures 2a and 2b and the following description, which present an example of 
how the current passes from phase U to phase V: 

1) Before instant t1: 

- the voltage of phase U is the most positive, and consequently V1 is 
conducting and the negative intermediate circuit current -i D c flows 
through V1 

=> voltage at point u1 = voltage +Udc * U-phase voltage 

- W-phase voltage (not shown in the figures) is the most negative, and 
consequently V6 too is conducting 

=> voltage at point w1 = -Udc » W-phase voltage 

2) At instant t1: 

- phase V becomes more positive than phase U, so V1 is turned off and 
V2 is turned on 

3) Between instants t1...t2: 

- U-phase negative current iu starts flowing through the shunt diode of 
V4, so the voltage at point u1 is now the same as voltage -Udc 

- as seen from the direction of the supply network, phases U and W are 
thus shorted behind the AC inductor, which is why at the coupling point 
a commutation notch appears in the main voltage between these 
phases, the depth of the notch being determined by the voltage distri- 
bution between the AC inductor Lac and the supply network induct- 
ances 

4) At instant t2: 

- the current in phase U has been reduced to a level low enough to turn 
the shunt diode of V4 off and the voltage at point u1 begins following 
the U-phase voltage. 

According to the present invention, the occurrence of a commuta- 
tion notch in a braking situation can be prevented by turning the conducting 
phase current positive just before commutation. This is accomplished by ad- 
vancing the control of the IGBT the more the larger is the negative current in a 
braking situation. The IGBT to be conducting next is turned on before the firing 
instant determined by the normal 120° firing rule, with an anticipation sufficient 
to cause the direction of the conducting phase current to be turned from the 
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IGBT to the shunt diode before the control signal to the previously conducting 
IGBT is interrupted. Thus, the control signals to the IGBTs overlap by the antici- 
pation T. In the above-described example situation, this means what follows 
(figures 3a and 3b): 

5 

1) At instant t1: 

- V2 is turned on with an anticipation while the V-phase voltage is still 
more negative than the U-phase voltage, V1 continues conducting 

2) Between instants t1...t2: 

10 - as seen from the direction of the supply network, phases U and V are 

shorted behind the AC inductor, but as the voltages in these phases are 
nearly equal, the commutation notch appearing at the coupling point is 
small 

- U-phase negative current decreases towards zero and correspondingly 
15 V-phase current increases in the negative direction 

3) At instant t2: 

- U-phase current has fallen to zero or, depending on the accuracy of the 
anticipated timing, even turned positive. The control signal to V1 is in- 
terrupted and the negative intermediate circuit current continues flowing 

20 through V2. 

As stated above, in a braking situation the firing has to be advanced 
by a length of time sufficient to cause the current of the previously conducting 
IGBT to be interrupted or turned to the shunt diode before its control signal is 
interrupted. The required anticipation T1 can be calculated on the basis of the 

25 intermediate circuit current (which can be calculated from the known motor 
power and the intermediate-circuit DC voltage), the supply network frequency, 
the inductance of the AC inductor and the supply network voltage according to 
equation (1): 

30 H = — x{l--x[ cos ( L 1]} (1) 

where T1 = anticipation [sec] 

f = supply network frequency [Hz] 
L = sum of the inductances of two supply phases [H] 
ioc = magnitude of DC current (can be calculated from motor 
35 power) 

U = supply network main voltage 



If the anticipation is too long, the only consequence is that the cur- 
rent through the shunt diode grows somewhat larger than would be strictly nec- 
essary. By contrast, if the anticipation time is too short, the current flowing 
through the IGBT will not be interrupted before the control pulse is removed, 
5 and this leads to a deep commutation notch. 

It is obvious to the person skilled in the art that different embodi- 
ments of the invention are not limited to the example described above, but that 
they may be varied within the scope of the claims presented below. In the mains 
bridge it is also possible to use GTO thyristors or even ordinary thyristors in- 
10 stead of gate turn-off IGBTs, in which case the thyristor recovery time t Q will 
have to be taken into account in determining the anticipation as illustrated in 
Fig. 4. When thyristors are used, the anticipation has to be long enough to 
cause the conducting phase current to be turned positive in the commutation 
situation with an advance equal to at least 0.5* t Q before the voltage of the pre- 
15 viously conducting phase stops being the most positive/negative. A positive cur- 
rent now flows through the shunt diode connected in parallel with the thyristor 
for at least a time equal to t Q , guaranteeing that the thyristor is turned off. When 
thyristors are used, the anticipation time has to be at least T2+0.5* t Q , where 

nn T"-> 1 fi r , 1 -I r"v2 X Tt X f X L X IDC 

20 T2 = — x{l-/xto--x cos [ 1. + cosOrx(l-/xfo))]} (2). 



